Aim: Post and core procedures are important clinical methods in routine dental practice. The present research aimed to radiographically assess the quality of post seating performed by undergraduate students at the College of Dentistry, Jazan University.
INTRODUCTION
Post and core systems (PCSs) are mainly used to restore endodontically treated teeth (ETT) with extensive loss of structure. 1 Different PCSs have already been tested radiographically. Typically, post and restorative failures have been cited as the most common causes of failure in ETT.
Outcomes of post and core restorations in the prosthetic treatment plan depend on the success of each treatment phase. Hence, radiographic assessment must be performed as follows: Before post insertion, checking of root canal treatment (RCT) system seal, after cementation, during follow-up after teeth exposure to masticatory loading forces, and monitoring during maintenance recall to evaluate the treatment method according to data provided by specialized literature references. 3, 4 Typically, a correlation exists between preclinical performance on typodont and clinical performance on patients, which is relevant to the preparation of post and core restorations by dentistry students. 5 Thus, dentistry graduates should develop optimum skills through wellsupervised preclinical and clinical trainings. 6 To assess the effectiveness of teaching strategies, the knowledge and skills of graduates should be assessed continually. 7 This study aimed to radiographically assess the quality of the post and core preparations performed by the 6th year graduating dental students of Jazan University during the academic year 2015 to 2016.
MATERIALS AND METHODS
This cross-sectional study was approved by the Research Committee, College of Dentistry, Jazan University. Informed consent was obtained from all patients selected for the study. Posts fabricated by the 6th year dental students in October 2015 to May 2016 were included in this study based on data in the logbook and CS-R4 program (CSR4 Software, Carestream Dental LLC, USA). The following data were extracted:
• Gender, arch, and type of tooth treated or involved;
• Post type: Glass fiber post (GFP), custom-made post (CP), and prefabricated metal post, shape of the side of post, and post width in relation to root diameter; • Post length in relation to crown and root lengths; • Presence of radiographic abnormality: Widening of periodontal ligament space (WPL), periapical pathosis (PA), deviation of the post from the root canal, and fitting of post to walls; • Radiographic condition of the remaining GP: 3 to 5 mm, extruded, unsatisfactorily condensed, or more than 5 mm at the apex; • Presence or absence of space between the end of post and GP. All relevant data of posts were collected and recorded in a self-designed pro forma. Then, data were summarized as frequencies and percentages. Associations between different factors were determined using chi-squared or Fisher's exact tests as deemed appropriate; p < 0.05 was considered statistically significant. All statistical analyses were performed using SPSS software (version 21, SPSS, Chicago, Illinois, USA).
RESULTS
A total of 82 patients (44 males and 38 females) were included in this study. Digital periapical X-ray for 343 posts was assessed among the mentioned subjects. Graph 1 provides an overview of post distributions according to arch. The highest frequency was observed in the maxillary arch (n = 240, 70%) followed by the mandibular arch (n = 103, 30%). Incisor teeth were the most frequently restored with posts (n = 142, 41%), followed by premolar (n = 83, 24%) and molars (n = 75, 22%). Canines were the least frequently restored teeth (n = 43, 12%) with posts. Distributions of posts by tooth types statistically differed among males compared with females (p = 0.002; Table 1 More tapered posts were significantly detected among male patients (n = 158, 93%) compared with females (n = 137, 79%), whereas parallel posts were more frequent among females (n = 36, 21%) compared with males (n = 12, 7%, p < 0.001; Graph 2). Table 2 presents the results of post width in relation to root diameter. The most frequently used posts yielded a width of 1/3 (n = 280, 82%), followed by a 2/3 [n = 39 (11%)] width of a reference post. Distribution of post widths by gender exhibited statistical difference (p = 0.026).
The GFPs were the most frequently used among 145 males (86%) and 91 females (53%) followed by CPs (n = 16, 9% and n = 64, 27% respectively). Metal prefabricated posts were detected among 8 (5%) males and Table 3 ).
Approximately equal proportions of posts with a post:crown ratio of 2:1 were observed among males and females with values of 57 and 59%, whereas those of posts with post:crown ratio of 1:1 totaled 41 and 35% respectively (p = 0.1; Table 4 ).
Regarding distributions of the ratio of post length in relation to root length, a ratio of 2:1 was observed in 90 males (52.9%) and 86 (49.7%) females. A ratio of 1:1 was noted in 69 males (40.6%) and 70 females (40.5%; Table 5 ).
Although periapical radiographs revealed that most assessed posts were fitted to the canal wall, significantly more female patients were diagnosed with WPL, PAs, and deviation of post from the canal (12, 12, and 9% respectively) compared with males (4, 2, and 0% respectively (p < 0.001; Table 6 ). Regarding the condition of remaining GP in relation to posts, the majority of cases in males and females (86, 51% and 105, 61% respectively) featured 3 to 5 mm of GP apical to the post end. A total of 54 (31.8%) and 45 (26%) of males and females respectively, showed more than 5 mm of GP apical to the end of post. About 13 (3.8) cases showed unsatisfactory condensation of GP, whereas 3.8% showed extrusion of GP beyond the apex (p = 0.305).
Graph 3 presents the relationships between space at the post end and GP by gender. The majority of cases showed the absence of space in both genders (77.1% of males and 72.8% of females). A total of 39 (22.9%) cases in males and 47 (27.2%) in females revealed the presence of space between posts and GP (p = 0.385).
DISCUSSION
The ETT supported with post and cores is considered a common procedure in dental practice. Many criteria have been suggested to assess the quality of post and core restorations. The majority of these criteria are based mainly on radiographic evaluation alone or in combination with clinical examination. 8, 9 Results of the present study revealed that posts are more frequently used in maxillary than in mandibular teeth (Graph 1). These results support some previously reported findings by Jamani et al 10 and Al-Hamad et al, 11 who showed that the most frequently restored teeth with posts and cores were, incisors followed by premolars (Table 1) . Their findings also reflect their desire to save damaged teeth. According to the findings of the present study, canines in both arches are the least frequently restored teeth with posts, and this result disagrees with the above previous studies, which reported molar teeth. In general, canine teeth are the least frequently RCT-treated teeth. 12, 13 In our study, percentages of posts in molars and premolars were almost the same in both arches (Table 1) ; however, Jamani et al 10 reported that mandibular teeth are the least frequently retained by posts. On the contrary, Al Subait et al 14 discovered that posterior maxillary and mandibular teeth are the most frequently retained by posts (73.6%). Such differences indicate that esthetics (incisors) and functions (molars) are important motivating factors behind seeking dental treatment. Canines were the least frequently restored teeth with posts in both arches, as also previously revealed. 12, 13 This finding indicates the reluctance of dentists to save badly destroyed canines because of their position at the angle of the arch and their rule in guidance occlusion. Literature states that tapered posts are less retentive than parallel ones, with clinically acceptable retention of both types. 15 Results of the present study show that the majority of posts were tapered (81%), with a value higher than the 62% as reported by Al-Hamad et al, 11 but was closer to that reported by Jamani et al 10 
(74%). This result
can be attributed to the high numbers of tapered GFP systems available for use in dental markets (Graph 2). The diameter of clinically acceptable posts should be one-third of that of roots. 16, 17 The most frequent post width found in the present study measured one-third of that of roots (82% in both genders; Table 2 ), whereas the rest were too thin or too thick. This result can be explained by the lack in experience of some newly graduated dentists in preparing root canals for post reception.
In the present study, GFP was used in the majority of cases (69.1%), whereas CM and prefabricated metals were used in 18.1 and 12.8% of cases respectively (Table 3) . Such findings have already been revealed by the results of Nimigean et al, 16 who showed that CPs accounted for 69.6% of included cases. This result can be explained by the economic status of the college. However, in our study, incidence rate (5.8%) of prefabricated metallic posts was less compared with that of the above previous study. Such differences can be explained by the availability of GFP at the time of research. Studies have claimed that GFP possesses physical properties, such as modulus of elasticity, similar to those of natural dentine. 16, 17 Therefore, most studies have recommended the wide use of GFP whenever possible. This phenomenon may explain the results of our study. Ideal post length should be as long as possible, but without jeopardizing the apical seal or strength and integration of remaining roots. 11, 18, 19 In cases of GFP, its length should not be shorter than or equal to clinical crown length. 15, 18, 19 In addition, an optimal ferrule should be present. 15 Others recommended that post length should be half the root length, 20 midway between the apex and alveolar crest, 21 and should leave a space of 4 mm for GP at the apex. 15, 18 In this study, a 2:1 ratio of post length:crown length was identified in 58% of cases (Table 4) , similar to that reported by Al-Hamad et al.
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Acceptable length, which equals the crown length, 19, 22, 23 was observed in 37.9% of included cases and is superior compared with those reported by Jamani et al 10 and
Nimigean et al. 16 Percentage of 2:1 ratio of post length:crown length reached 58% of the cases in the present study (Table 4) , similar to that reported by Al-Hamad et al. 11 Acceptable length, which equals crown length, was found in 37.9% of the included cases. Our results are better compared with those reported by Jamani et al 10 and Nimigean et al. 16 This observation can be attributed to the effectiveness of methods used in post preparations, especially for GFP. All our students worked under direct supervision of responsible staff. We can consider the proportion of 37.9% of post cases in our study as within the acceptable range because it features a 1:1 ratio of post length:crown length, coinciding with the studies by McLean, 22 who emphasized that post length within root canals should be at least equal to crown height. 22, 23 Our study showed good ratios of post length in relation to root length, i.e., 2:1 and 1:1 in 51.3 and 40.5% of the cases respectively. These values were excellent proportions compared with results of Jamani et al 10 and
Nimigean et al. 16 This observation can be attributed to the high number of GFPs used in this study and the ease of handling during work. The present findings agree with those of the other similar study by Farina et al, 19 who considered GFP length in relation to root length (Table 5) .
Our results on the presence of PA and WPL at almost 7% were completely in contrast with that of Jamani et al, 10 who reported a value of 53.93%. This observation can be explained by the presence of numerous extruded GPs among their cases. Extruded GP was reported in 3.8% of cases in our study, and this value is extremely close to that reported by Al-Hamad et al 11 (2.3%). However, 48.8% of cases studied by Adanir and Belli 17 presented periapical radiolucency associated with WPL. This result can be explained by the time elapsed since the final obturation and occlusal forces generated from final prostheses during functioning. Our radiographs were obtained immediately at the end of treatments, whereas in their study, mouth radiographs were procured after a certain period. Around 5% of total samples had been reported to feature deviated posts from the canal. This result was slightly higher than that reported by Al-Hamad et al 11 at
2.3%, whereas a higher proportion (25%) was reported by Jamani et al.
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The majority of posts (81%) were fitted with lateral walls of root canals; Al-Hamad et al 11 revealed that 16.3%
of their assessed posts showed unsatisfactory fitting to root canal walls. This result can be attributed to posts and RCTs made in our study by the same operators ( Table 6 ).
The length of remaining GP that needs to be placed at the left apical of the end of posts, to maintain apical integrity and a proper apical seal, should range from 3 to 4 mm or 3 to 5 mm. 10, 11, 15 In this context, 55.7% of assessed ETT in our study featured 3 to 5 mm of GP, and 28.9% presented more than 5 mm. This result can be considered excellent, especially that 70% of our cases were restored with GFPs. 15 This percentage was slightly higher than the 70.7% observed among posts evaluated by Jamani et al. 10 This result may be related to other factors, including root-crown ratio, crown length, and amount of ferrule left rather than the amount of GP left to avoid jeopardizing the GP seal.
Regarding condensation and density of the remaining GPs, 11.7% of included cases exhibited poor density, which was in contrast with findings of studies by Smadi et al, 9 Abraham and Abdullah, 13 AbuMostafa et al, 24 Chakravarthy and Moorthy, 25 and Balto et al. 26 Warm vertical condensation was used in our school during RCT; this method shows greater advantages over cold lateral condensations.
JCDP
The majority of cases in the present study showed no spaces between post end and GP (Graph 3). This observation is explained by the assumption that the student who performed RCT was also the one who proceeded with post preparation and the most knowledgeable regarding the presence of the area of root curvatures and further apical preparations. 18 Up to 25% of our cases were presented with spaces between post and GP; this result was very close to the 22.2% obtained by Al-Hamad et al. 11 The present study focused on performances of the 6th year undergraduate students in Dental College, Jazan University. This work assessed the quality of different types of cemented posts and cores with postoperative periapical radiographs. However, this type of radiograph can show only two-dimensional image. Thus, superimposition of lingual and buccal structures occurred. This phenomenon is considered the limitation of this study and may result in a clinical error during post evaluations.
CONCLUSION
Under limitations of the current study, the following can be concluded:
• Post-retained crown designs achieved in the majority of cases were acceptable and close to ideal design characteristics.
• The GFPs were the most frequently used post types, followed by CPs and prefabricated ready-made metallic posts.
• Tapered shaped posts were more widely used than parallel side posts.
• The majority of posts measured one-third of the root width and equal to or twice the length of crowns or roots of restored teeth.
• The majority of post cases presented 3 to 5 mm of GP at their apex and 29% more than this.
• Few cases of PA were reported in assessed cases.
• The majority of post cases featured 3 to 5 mm of GP at their apex and 29% more than 5 mm.
